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(57) ABSTRACT 

The Synchronous digital communications System according 
to the invention Serves to transmit electric Signals optically. 
The electric Signals to be transmitted are converted from 
electrical to optical form (E/O1, E/O2, E/On) and then 
transmitted using wavelength division multiplexing (WDM) 
or dense wavelength division multiplexing (DWDM). A 
Synchronization manager and a connection manager are 
provided. The Synchronization manager is adapted to con 
figure dedicated optical Synchronization linkS. The connec 
tion manager is adapted to configure Switched optical com 
munication links from a pool of wavelengths, taking account 
of the dedicated synchronization links only. This has the 
advantage that independently of the Switched communica 
tion links, Synchronization is constantly ensured throughout 
the system. Each network element (NE1, NE2, NE3) has at 
least one interface unit that is reserved for Synchronization 
and that continuously receives signals at the wavelength (2) 
reserved for Synchronization. 
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SYNCHRONOUS DIGITAL COMMUNICATIONS 
SYSTEM 

0001. This invention relates to a synchronous digital 
communications System as Set forth in the preamble of claim 
1 and to a method of optically transmitting electric Signals 
as set forth in the preamble of claim 6. 
0002. A synchronous digital communications system is 
based, for example, on a Standard for Synchronous digital 
hierarchy (SDH/SONET standard). In such a digital com 
munications System, individual network elements are inter 
connected by different transmission media (e.g., copper 
cables, optical fiber waveguides, or radio links). A network 
element is, for example, an exchange for a public Switched 
telephone network, a cross-connect, or an add/drop multi 
plexer. To Synchronize the network elements, two tech 
niques are known: master-slave Synchronization and mutual 
Synchronization. 

0003. The master-slave technique, also referred to as 
hierarchical Synchronization, uses a unique primary refer 
ence clock for Synchronization of a first hierarchical level of 
network elements, also referred to as nodes. These nodes 
give their derived clocks to the next level nodes, and So on. 
In the mutual Synchronization technique, all nodes are at a 
peer level interconnected by the existing digital linkS. Each 
node calculates a mean phase value of the incoming clock 
Signals and its own internal clock. 
0004 From DE 44 46 511 it is known to avoid timing 
loops by grouping interface units of each network element 
that are used for Synchronization in two classes, thereby 
defining a Synchronization hierarchy. The interface units of 
one of the classes ignore received Synchronization signals, 
and the interface units of the other class transmit Synchro 
nization signals (clock references). 
0005 Network elements have a number of interface 

units, which generally all Serve to receive and transmit 
information signals, i.e., speech, data. Some predefined 
interface units additionally Serve to receive and/or transmit 
Synchronization Signals. All-electric Synchronous digital 
communications Systems have nonswitched physical con 
nections. A Synchronization hierarchy is defined by prede 
termined paths. If Section-by-Section radio or point-to-point 
optical transmission is used, the electric signals (informa 
tion+Synchronization) are Switched through transparently. In 
this way, the network element interface units used for 
Synchronization always receive the necessary Synchroniza 
tion Signals. Even if no information is transmitted in the 
meantime, the connections between the network elements 
are maintained, for example by transmitting default mes 
Sages, So that continuous Synchronization is ensured. 
0006. A new situation arises if during section-by-section 
optical transmission, no time-invariable through-Switching 
takes place. Then, optical connections are no longer perma 
nently assigned to wavelengths. A flexible and time-variable 
assignment of optical channels to wavelengths is possible. 
For example, an optical channel for transmitting a first 
message packet is implemented by a first Switched optical 
connection using a first wavelength, and an optical channel 
for transmitting a Second message packet is implemented by 
a Second Switched optical connection using a Second wave 
length. If network elements with Switching properties, Such 
as optical croSS-connects, are used in conjunction with 
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wavelength-division multiplexing, arbitrary, time-variable 
optical channels can be created for transmitting information 
signals, such as SDH or SONET signals. For example, a first 
optical connection for creating a first optical channel is used 
in a first time period to transmit messages from a first 
network element to a Second network element, with an 
optical cross-connect interposed between the network ele 
ments. The first optical connection is implemented using a 
first wavelength, for example. Via the interface unit assigned 
to the first wavelength, the Second network element Syn 
chronizes itself, i.e., the Sychronization clock, which corre 
sponds to a bit-rate clock, is used for all interface units of the 
Second network element. If in a Second time period, the 
optical cross-connect uses the first wavelength for a Second 
optical connection to create a Second optical channel for 
transferring information from the first network element to a 
third network element, the connection to the Second network 
element via the first wavelength is interrupted. The Second 
network element can no longer Synchronize itself in the 
Second time period. Even if the Second network element 
received information and/or Synchronization Signals over a 
Second or third optical connection, it could not synchronize 
itself, because only the interface unit assigned to the first 
wavelength is reserved for the purpose of accomplishing 
Synchronization for all interface units. Instead of using one 
interface unit, Synchronization can also be achieved using 
two or three interface units, for example by means of an 
additional selection facility that selects the clock of the best 
quality. Through the use of three interface units for Synchro 
nization purposes in conjunction with three wavelengths, the 
probability that no Synchronization is possible can be mini 
mized but cannot be reduced to Zero. 

0007. The invention proposes a synchronous digital com 
munications System as Set forth in claim 1 and a method of 
optically transmitting electric Signals as Set forth in claim 6. 

0008. The synchronous digital communications system 
according to the invention Serves to transmit electric Signals 
optically. The electric Signals to be transmitted are converted 
from electrical to optical form and are then transmitted using 
wavelength-division multiplexing (WDM) or dense wave 
length-division multiplexing (DWDM). A synchronization 
manager and a connection manager are provided. The Syn 
chronization manager is adapted to configure dedicated 
optical Synchronization linkS. The connection manager is 
adapted to configure Switched optical communication links 
from a pool of wavelengths taking account of the dedicated 
Synchronization links only. This has the advantage that 
independently of the Switched communication links, Syn 
chronization is constantly ensured throughout the System. 
Each network element has at least one interface unit that is 
reserved for Synchronization and that constantly receives 
Signals on the wavelength reserved for Synchronization. 

0009. The synchronous digital communications system 
comprises, for example, at least three network elements 
interconnected by optical lines, each of the network ele 
ments comprising at least one electrical-to-optical converter 
and at least one optical-to-electrical converter. At least one 
optical cross-connect is connected between the network 
elements. Each optical cross-connect is adapted to use 
individual wavelengths for the Switched transfer of Signals 
from one network element to another. The cross-connect 
performs Switching operations for communication linkS. 
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With respect to the Switching, however, the cross-connect is 
limited to those wavelengths which do not impair the 
established Synchronization. 
0010. In a preferred embodiment, the synchronous digital 
communications System comprises at least three network 
elements designed as SDH or SONET elements that are 
interconnected by optical lines. Between the network ele 
ments, hierarchical Synchronization or mutual Synchroniza 
tion is established by the Synchronization manager. Prior to 
the Switching of an optical communication link, the connec 
tion manager checks whether the established Synchroniza 
tion is impaired by the planned Switching. If that is the case, 
the planned Switching will not take place. An alternative link 
will be searched for. Only when a link that does not impair 
the established synchronization has been found will the 
Switching take place. For instance, a reference clock gener 
ated in a first network element is transmitted for Synchro 
nization purposes to a Second network: element at a first 
wavelength. A clock derived from the received reference 
clock in the Second network element is transmitted to a third 
network element at a Second wavelength. Between the first 
and Second network elements, the first wavelength is then 
reserved for the transfer of Synchronization signals but can 
Simultaneously be used for the transfer of information, 
maintenance and/or management Signals. All other available 
wavelengths, e.g., twenty wavelengths, are used for the 
transfer of information signals over Switched optical con 
nections. Prior to the Switching of an optical connection, a 
check is made to see whether the first wavelength is con 
cerned. If that should be the case and Switching to another 
wavelength should be provided for without replacement, this 
would result in the Synchronization being interrupted for the 
Second network element and all Subsequent network ele 
ments. Therefore, Such Switching will not be permitted. 
Between the second and the third network elements, the 
Second wavelength is reserved for the transfer of Synchro 
nization Signals and can additionally be used for the transfer 
of information. If a planned Switching concerns the Second 
wavelength in the area between the Second and third net 
work elements, this Switching will not be permitted, either. 
Thus, there is at least one wavelength on each path between 
two network elements which Serves Synchronization pur 
poses and therefore is, as a rule, not Switchable. Synchro 
nization is guaranteed throughout the System. 
0.011 The synchronization manager and the connection 
manager have access to a stored table, for example, in which 
the topology of the Synchronization linkS is Stored. A crite 
rion of an impairment of the established Synchronization is, 
for example, a missing alternative Synchronization link. The 
connection manager can perform the planned Switching only 
if no or a tolerable impairment of the established synchro 
nization is present. 
0012. The synchronization manager and the connection 
manager perform network management functions. During 
System design, the number of network elements, the number 
of possible optical connections, etc. are determined. For the 
Synchronization, a topology is defined in the Synchroniza 
tion manager. For instance, master-Slave Synchronization is 
chosen. To implement this Synchronization, the necessary 
paths are determined. In each network element, at least one 
interface unit is Selected for Synchronization. Each of the 
Selected interface units is assigned one wavelength. This 
wavelength and the associated path are configured to create 
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a path over which Synchronization Signals are constantly 
transmitted. After completion of the configuration of the 
Synchronization links, the configuring of the communication 
links takes place. Information is transmitted over Switched 
communication links and can additionally be transmitted 
over the Synchronization links. The wavelengths reserved 
for the Synchronization links are uSable by the connection 
manager only limitedly, because Special criteria have to be 
taken into account for the Switching. 
0013 In the novel method of optically transmitting elec 
tric Signals, the electric Signals to be transmitted are con 
verted from electrical to optical form and then transmitted 
using wavelength-division multiplexing, with dedicated 
optical Synchronization links being configured, and Switched 
optical communication links being configured from a pool of 
wavelengths (), 2) taking account of the dedicated Syn 
chronization links only. 
0014. In a specific logic, a check is made using prede 
termined criteria to See whether the planned Switching of a 
communication link has an undesired effect on the Synchro 
nization links. If that is the case, the planned Switching will 
be prevented. 

0015 The invention will become more apparent from the 
following description of an embodiment taken in conjunc 
tion with the accompanying drawing, in which: 
0016 FIG. 1 is a schematic block diagram of a synchro 
nous digital communications System according to the inven 
tion, and 

0017 FIG. 2 is a schematic block diagram of a portion of 
the network element NE1 of FIG. 1. 

0018 Referring to FIG. 1, a synchronous digital com 
munications System comprises three network elements NE1, 
NE2, NE3, which are interconnected by optical lines. Con 
nected between network elements NE1, NE2, NE3 is an 
optical croSS-connect O-XC. Over the optical lines, e.g., 
glass optical fibers, optical Signals are transmitted using 
wavelength-division multiplexing (WDM) or dense wave 
length-division multiplexing (DWDM). N+m wavelengths 
are provided. The communications System is designed as a 
bidirectional transmission System. Wavelengths 2 to 2 are 
used for the transmission of Signals from network element 
NE1 to network elements NE2, NE3. Wavelengths 2 to 

are used for the transmission of signals from network 
elements NE2, NE3 to network element NE1; n and m are 
natural numbers, e.g., n=20, m=20. 
0019. The communications system represents the mini 
mum version of a system which permits WDM over multi 
point-to-multipoint configurations. The invention is also 
readily applicable to communications Systems with more 
than three network elements, e.g., one thousand network 
elements, which are interconnected by a mesh network of 
optical croSS-connects and add/drop multiplexers, for 
example. Generally, the invention is applicable to any Syn 
chronous communications System which interconnects at 
least three electric SubnetworkS via an optical Subnetwork 
Such that Switched optical connections are possible. 
0020 Turning now to FIG. 2, there is shown a portion of 
network element NE1 of FIG. 1. Network element NE1 
comprises n electrical-to-optical converters E/O1, 
E/O2, . . . , E/On and m optical-to-electrical converters 
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O/E1, O/E2, . . . , O/Em. The n electrical-to-optical con 
verters E/O1, E/O2, ..., E/On serve to convert the electric 
Signals transmitted via the interface units of network ele 
ment NE1 from electrical to optical form. To that end, the 
first interface unit is connected to and permanently associ 
ated with electrical-to-optical converter E/O1, the second 
interface unit is connected to and permanently associated 
with electrical-to-optical converter E/O2, etc. Each electri 
cal-to-optical converter E/O1, E/O2, ..., E/On generates a 
different wavelength. All wavelengths), to 2 are combined 
in a multiplexer MUX, which is implemented as an optical 
combiner, for example. The combined wavelengths are 
Simultaneously transmitted over the optical network. The 
optical cross-connect Switches optical connections in accor 
dance with their destination addresses. If, for example, 
information is to be transferred over an optical connection to 
network element NE2, optical cross-connect O-XC will 
Switch the necessary number of optical connections using 
Wavelengths, e.g., Wavelengths 22 and 2s. If, for example, 
information is to be transferred over a further optical con 
nection to network element NE3, optical croSS connect 
O-XC will switch the necessary number of optical connec 
tions using wavelengths, e.g., ), and 2s. In a further time 
period, information can, for instance, be transferred to 
network element NE2 at wavelengths 2 and 2s and to 
network element NE3 at wavelengths 2 and 2. To con 
tinuously ensure Synchronization in the network, at least one 
optical connection is reserved for the permanent transfer of 
Synchronization Signals using wavelength), for example. A 
generally nonSwitched optical connection is configured, for 
example using wavelength) from network element NE1 to 
optical cross-connect O-XC and wavelength ), or another 
wavelength from optical cross-connect O-XC to network 
element NE2. A further, generally nonSwitched optical con 
nection is configured, for example using wavelength a from 
network element NE1 to optical cross-connect O-XC and 
wavelength ), or another wavelength from optical cross 
connect O-XC to network element NE3. In the presence of 
Special criteria, the optical connection can be Switched. 
Electrical-to-optical converter E/O1 and electrical-to-optical 
converter E/O2 are Supplied with a Synchronization clock 
generated in a primary reference Source. The Synchroniza 
tion clock is transmitted to network element NE2 at the 
reserved wavelength ) and to network element NE3 at the 
reserved wavelength 2. Both network elements NE2, NE3 
Synchronize themselves to the incoming clock signal. 

0021 Network element NE1 receives information from 
network elements NE2 and NE3 via a fiber optic coupler C1 
and a demultiplexer DMUX, which selects individual wave 
lengths and passes them on to optical-to-electrical convert 
ers O/E1, O/2, ..., O/Em. Fiber optic coupler C1 extracts 
all wavelengths), to 2 from the optical fiber; n and m 
may also have different values. Demultiplexer DMUX is 
implemented as a wavelength-dependent Splitter, for 
example. Each optical-to-electrical converter O/E1, 
O/E2,..., O/Em converts a different wavelength and passes 
the corresponding electric Signal to a respective one of the 
interface units of network element NE1. If the master-slave 
approach (hierarchical Synchronization) is used, all wave 
lengths) to 2 can be used for the transfer information 
signals from network elements NE2 and NE3 to network 
element NE1. If mutual synchronization is used, a total of 
Six optical connections, for example, are reserved for the 
Synchronization signals: a first optical connection for the 
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transfer of Synchronization signals from network element 
NE1 to network element NE2, a second for transfer from 
network element NE1 to network element NE3, a third for 
transfer from network element NE2 to network element 
NE1, a fourth for transfer from network element NE2 to 
network element NE3, a fifth for transfer from network 
element NE3 to network element NE1, and a sixth for 
transfer from network element NE3 to network element 
NE2. For each optical connection, individual wavelengths 
can be reserved: for example, wavelength 2 for the 
transfer of Synchronization signals from network element 
NE2 to network element NE1, wavelength 2 for the 
transfer of Synchronization signals from network element 
NE2 to optical cross-connect O-XC, and wavelength a for 
transfer from optical croSS-connect O-XC to network ele 
ment NE3. These optical connections are nonswitched con 
nections and can therefore be used for information transfers 
only limitedly. The other wavelengths, which are not used 
for the transfer of Synchronization signals, can then be used 
for the transfer of information over arbitrarily switched 
optical connections. 
0022 A Synchronization manager and a connection man 
ager are provided. They perform network management func 
tions. During System design, the number of network ele 
ments, the number of possible connections, etc. are 
determined. For the Synchronization, a topology is defined in 
the Synchronization manager. For instance, master-Slave 
Synchronization is chosen. To implement this Synchroniza 
tion, the necessary paths are determined. In each network 
element NE1, NE2, NE3, at least one interface unit is 
Selected for Synchronization. If two or more interface untis 
are Selected, two or more alternative Synchronization paths 
can be established. Each of the Selected interface units is 
assigned one wavelength. This wavelength and the associ 
ated path are configured Such that a path is established over 
which Synchronization signals are continuously transmitted. 
After completion of the configuration of the Synchronization 
links, the communication links are configured. Information 
is transferred over the Switched communication links and 
can additionally be transferred over the Synchronization 
links. The wavelengths reserved for the Synchronization 
links are usable by the connection manager only limitedly, 
Since particular criteria must be taken into account for the 
Switching. 

0023 The synchronization manager and the connection 
manager have access to a stored table, for example, in which 
the topology of the Synchronization links is Stored. A crite 
rion of an impairment of the established Synchronization is, 
for example, a missing alternative Synchronization link. The 
connection manager can perform the planned Switching only 
if no or a tolerable impairment of the established synchro 
nization is present. Criteria of a permission for Such Switch 
ing are, for example: 

0024 No information, but synchronization signals 
are being transferred over the optical connection to 
be Switched, and there exists a Second optical con 
nection, Over which Synchronization Signals are 
transferred, So that Synchronization can be main 
tained. 

0025 Neither information nor synchronization sig 
nals are being transferred over the optical connection 
to be Switched, and there exists no alternative Syn 
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chronization link, but the loSS of Synchronization can 
be tolerated due to Special circumstances, e.g., last 
network element in a chain for which no information 
is present. 

0026. Neither information nor synchronization sig 
nals are being transferred over the optical connection 
to be Switched, and there exists no alternative Syn 
chronization link, but the new, planned optical con 
nection provides a new Synchronization link that can 
replace the old one. 

0027 Information and synchronization signals are 
being transferred over the optical connection to be 
Switched, and the new, planned optical connection 
provides a new Synchronization link that can replace 
the old one. 

0028. In addition to the above criteria, which represent a 
possible Selection, the Structure of the changed Synchroni 
Zation network should always be checked for compliance 
with the corresponding design rules before the permission to 
Switch is granted. 
0029. In the novel method of optically transmitting elec 
tric Signals, the electric Signals to be transmitted are con 
verted from electrical to optical form and then transmitted 
using wavelength-division multiplexing, with dedicated 
optical Synchronization links being configured and Switched 
optical communication links being configured from a pool of 
wavelengths), 2 taking account of the dedicated Synchro 
nization links only. 
0.030. In a specific logic, comprising, for example, a 
Suitably programmed microprocessor, a memory, a com 
parator, etc., a check is made using predetermined criteria to 
See whether the planned Switching of a communication link 
has an undesired effect on the Synchronization links. If that 
is the case, the planned Switching will be prevented. 
0.031) If mutual synchronization is used, two, three, or 
four interface units of network element NE1, for example, 
are reserved for Synchronization purposes and are perma 
nently associated with electrical-to-optical converters and 
optical-to-electrical converters. During mutual Synchroniza 
tion, all signals are used and their relative weight for the 
synchronization is determined by an algorithm. With two or 
more alternative and nearly equivalent Synchronization 
links, individual planned Switchings of communication links 
which relate to Synchronization linkS can be permitted as 
long as an equivalent alternative Synchronization link is 
maintained. 

1. A Synchronous digital communications System for 
optically transmitting electric Signals wherein the electric 
Signals to be transmitted are converted from electrical to 
optical form (E/O1, E/O2, E/On) and then transmitted using 
wavelength-division multiplexing, 

characterized in that a Synchronization manager and a 
connection manager are provided, that the Synchroni 
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Zation manager is adapted to configure dedicated opti 
cal Synchronization links, and that the connection man 
ager is adapted to configure Switched optical 
communication links from a pool of wavelengths (0, 
2) taking account of the dedicated Synchronization 
links only. 

2. A communications System as claimed in claim 1, 
characterized in that at least three network elements (NE1, 
NE2, NE3) each comprising at least one electrical-to-optical 
converter (E/O1, E/O2, E/On) and at least one optical-to 
electrical converter (O/E1, E/E2, O/Em) are interconnected 
by optical lines, that at least one optical croSS-connect 
(O-XC) is connected between the network elements (NE1, 
NE2, NE3), and that the at least one optical cross-connect 
(O-XC) is adapted to use individual wavelengths (0,2) for 
the Switched transfer of information Signals from one net 
work element (NE1, NE2, NE3) to another network element 
(NE1, NE2, NE3). 

3. A communications System as claimed in claim 1, 
characterized in that at least three network elements (NE1, 
NE2, NE3) interconnected by optical lines are provided, that 
the network elements (NE1, NE2, NE3) are SDH or SONET 
elements, that the Synchronization manager is adapted to 
establish hierarchical Synchronization or mutual Synchroni 
zation between the network elements (NE1, NE2, NE3), and 
that the connection manager is adapted to check prior to the 
Switching of an optical communication link whether the 
established Synchronization is impaired by the planned 
Switching. 

4. A communications System as claimed in claim 3, 
characterized in that the Synchronization manager or the 
connection manager has access to a Stored table in which the 
topology of the Synchronization linkS is Stored, and that a 
criterion of an impairment of the established Synchroniza 
tion is a missing alternative Synchronization link. 

5. A communications System as claimed in claim 3, 
characterized in that the connection manager can perform 
the planned Switching only if no or a tolerable impairment 
of the established Synchronization is present. 

6. A method of optically transmitting electric Signals 
wherein the electric Signals to be transmitted are converted 
from electrical to optical form (E/O1, E/O2, E/On) and then 
transmitted using wavelength-division multiplexing, 

characterized in that dedicated optical Synchronization 
links are configured, and that Switched optical commu 
nication links are configured from a pool of wave 
lengths (), 2) taking account of the dedicated Syn 
chronization links only. 

7. A method as claimed in claim 6, characterized in that 
in a Specific logic, a check is made using predetermined 
criteria to see whether the planned Switching of a commu 
nication link has an undesired effect on the Synchronization 
links, and that if that is the case, the planned Switching is 
prevented. 


